Background {#Sec1}
==========

Skin cutaneous melanoma (SKCM) is a major public health problem worldwide. Despite public health campaigns, the mortality of SKCM patients is still increasing in many countries \[[@CR1]\]. To make things worse, there are no effective systemic therapies to treat advanced stages of SKCM \[[@CR2]\]. Although the five-year relative survival rate for early stage melanoma is more than 95% \[[@CR3]\], the reported survival for stage IV melanoma is rarely longer than a year \[[@CR2]\]. Thus, early detection is important and finding out an early prognostic maker will be helpful for improving the survival of SKCM patients.

Recently, numerous studies have shown that the dysfunction of immune system plays a key role in the progression of SKCM \[[@CR4], [@CR5]\]. It has been demonstrated that tumor-infiltrating lymphocyte grade is an independent predictor of sentinel lymph node status and survival in SKCM patients \[[@CR6]\]. Sara R. Selitsky et al. demonstrated that B cells have important predictive role in SKCM \[[@CR5]\]. Therefore, immunotherapy is popular used for treating melanoma. However, even immune checkpoint inhibitors (ICIs) such as antibodies targeting either the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) or the programmed death 1 (PD1) immune checkpoints, yet approximately 50% of the patients do not respond to treatment \[[@CR7], [@CR8]\]. Thus, it is still necessary to find novel immune-related therapeutic targets in SKCM.

Serglycin (SRGN) is a major proteoglycans expressed in hematopoietic cells, endothelial cells, and macrophages \[[@CR9]--[@CR11]\]. It contains a peptide core of 17.6 kDa which is rich in serine-glycine repeats and has eight glycosaminoglycan (GAG) side chains \[[@CR11]\]. A series of evidences have demonstrated that SRGN involves in the progression of tumors including acute myeloid leukemia \[[@CR12]\], breast cancer \[[@CR13], [@CR14]\], colorectal cancer \[[@CR15]\], nasopharyngeal carcinoma \[[@CR16], [@CR17]\], multiple myeloma \[[@CR18]\], and etc. \[[@CR19]\]. However, in SKCM, the role of SRGN has not been explored. Whether SRGN playing similar roles in SKCM and the metastatic SKCM that is not known.

In the present study, we firstly comprehensively analyzed the SRGN expression and correlation with the survival of SKCM and SKCM-metastasis patients. Moreover, we investigated the relationship between SRGN expression and the tumor-infiltrating immune cells in SKCM and SKCM-metastasis. Our findings will shed light on the important role of SRGN in SKCM and SKCM-metastasis.

Methods {#Sec2}
=======

SRGN expression analysis {#Sec3}
------------------------

The expression of SRGN in different tumors and normal tissues were identified in Oncomine database (<https://www.oncomine.org/resource/login.html>) \[[@CR20]\]. It includes 34,219 samples. The threshold was defined as: fold change of 2, *P*-value of 0.0001 and gene rank of top 10%. We also used the Tumor IMmune Estimation Resource (TIMER) database (<https://cistrome.shinyapps.io/timer/>) to study the differential expression between tumor and adjacent normal tissues for SRGN across all The Cancer Genome Atlas (TCGA) tumors \[[@CR21]\]. For comparison of the SRGN expression in SKCM and normal tissues, the Gene Expression Profiling Interactive Analysis (GEPIA) database (<http://gepia.cancer-pku.cn/index.html>) was used \[[@CR22]\]. GEPIA is a web server for analyzing the RNA sequencing expression data of 9736 tumors and 8587 normal samples from the TCGA and the GTEx projects, using a standard processing pipeline.

Survival analysis {#Sec4}
-----------------

We investigated the association between SRGN expression and survival rate of patients with different tumors using the TIMER database. In this database we also explored the correlation between different tumor immune subsets (B cells, CD4^+^ T cells, CD8^+^ T cells, Neutrphils, Macrophages and Dendritic cells) and survival rate of SKCM and SKCM-metastasis patients.

Immune infiltrates analysis in SKCM and SKCM-metastasis {#Sec5}
-------------------------------------------------------

TIMER is a comprehensive resource for systematical analysis of immune infiltrates across diverse cancer types \[[@CR21]\]. It includes 10,897 samples across 32 cancer types from TCGA to estimate the abundances of six immune infiltrates (B cells, CD4+ T cells, CD8+ T cells, Neutrphils, Macrophages and Dendritic cells). So using the TIMER database, we analyzed the immune infiltrates in SKCM and SKCM-metastasis via SRGN modules with adjustment of clinical factors (age, gender, ethnicity, tumor stages and tumor purity). Tumor purity was inferred from copy number alteration data using an R package and CHAT \[[@CR23]\]. Furthermore, we also explored the correlations between SRGN expression and gene markers of tumor-infiltrating immune cells through correlation modules in TIMER database. The gene markers are reported in previous studies \[[@CR24], [@CR25]\].

Statistical analysis {#Sec6}
--------------------

The results generated from Oncomine database were displayed with fold changes, ranks, and *P* values. The SRGN expression of SKCM was also analyzed using GEPIA database. In GEPIA, the \|Log2FC\| cutoff value is 1.5 while the *P*-value cutoff is 0.001. The Kaplan-Meier plots were drawn with TIMER for immune infiltrates and SRGN to visualize the survival differences. Levels are divided into low and high levels by the split percentage of patients 50%. *P* value of log-rank test for comparing survival curves of two groups is showed in each plot. The correlation of SRGN expression was evaluated by Spearman's correlation and statistical significance. Values of *P* \< 0.05 were considered statistically significant.

Results {#Sec7}
=======

The SRGN expression in different types of human tumors {#Sec8}
------------------------------------------------------

To explore the different expression of SRGN between tumor and normal tissues, we used Oncomine database for analysis. Comparing with normal tissues, higher expression of SRGN was found in brain and CNS (central nervous system) cancer, esophageal cancer, head and neck cancer, kidney cancer, liver cancer, lymphoma, and melanoma while lower expression was found in bladder cancer, breast cancer, colorectal cancer, and lung cancer (Fig. [1](#Fig1){ref-type="fig"}a). In addition, we also studied the different SRGN expression between tumor and adjacent normal tissues across all TCGA tumors. It was showed that SRGN was significantly highly expressed in KIRC (kidney renal clear cell carcinoma) and significantly lower expressed in BLCA (bladder urothelial carcinoma), BRCA (Breast invasive carcinoma), COAD (colon adenocarcinoma), KICH (kidney chromophobe), LIHC (liver hepatocellular carcinoma), LUAD (lung adenocarcinoma), LUSC (Lung squamous cell carcinoma), PRAD (prostate adenocarcinoma), READ (Rectum adenocarcinoma) and UCEC (Uterine Corpus Endometrial Carcinoma) (*P* \< 0.001, Fig. [1](#Fig1){ref-type="fig"}b). Fig. 1SRGN expression in different types of human cancers. **a** Different expression of SRGN between cancer and normal tissues in Oncomine database. **b** Different expression of SRGN between tumor and adjacent normal tissues across all TCGA tumors in TIMER database. SRGN, serglycin; \*\*\**P* \< 0.001

Increased expression of SRGN in SKCM and SKCM-metastasis tissues {#Sec9}
----------------------------------------------------------------

To better understand the role of SRGN in SKCM, we compared the expression of SRGN between SKCM (461samples) and normal (558samples) tissues in GEPIA database. It was shown that SRGN expression significantly higher in SKCM tissues than normal tissues (Fig. [2](#Fig2){ref-type="fig"}). Interestingly, we also found that the expression of SRGN was further increased in SKCM metastasis tissues (Fig. [1](#Fig1){ref-type="fig"}b) which indicates that SRGN may play a key role in the progression of SKCM. Fig. 2SRGN expression of normal and SKCM tissues in GEPIA database. SKCM, skin cutaneous melanoma; SRGN, serglycin;\**P* \< 0.001

SRGN expression predicts the overall survival of SKCM and SKCM-metastasis patients {#Sec10}
----------------------------------------------------------------------------------

We investigated the association between SRGN expression and survival of patients with different tumors. In TIMER database, after adjustment of age, gender, ethnicity, tumor stages and tumor purity, we found that lower SRGN expression was only significantly correlated with poor survival of SKCM patients (Fig. [3](#Fig3){ref-type="fig"}). In the database, the SKCM patients (393 cases, 187 dying) include primary (97 cases, 27 dying) and metastatic (296 cases, 160 dying) patients. Furthermore, we also explored the influence of SRGN expression on the survival of SKCM-primary (Fig. [4](#Fig4){ref-type="fig"}a) and SKCM-metastasis (Fig. [4](#Fig4){ref-type="fig"}b) patients. It was found that lower SRGN expression was only significantly associated with the survival rate of SKCM-metastasis patients not SKCM-primary patients (Fig. [4](#Fig4){ref-type="fig"}b). Therefore, it is conceivable that low SRGE expression is an independent risk factor for the survival of SKCM and SKCM-metastasis patients. Fig. 3Kaplan-Meier survival curves comparing the high and low expression of SRGN in different types of cancer in TIMER database **(a-l)**. BLCA,bladder urothelial carcinoma; BRCA, Breast invasive carcinoma; COAD, colon adenocarcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, Lung squamous cell carcinoma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; UCEC,uterine corpus endometrial carcinoma; SKCM, skin cutaneous melanoma; SRGN, serglycinFig. 4Kaplan-Meier survival curves comparing the high and low expression of SRGN in primary SKCM and metastatic SKCM. SKCM, skin cutaneous melanoma; SRGN, serglycin

SRGN expression is correlated with immune infiltrates in SKCM and SKCM-metastasis {#Sec11}
---------------------------------------------------------------------------------

It has been demonstrated that tumor-infiltrating lymphocytes grade is an independent predictor of survival and sentinel lymph node status in patients with melanoma \[[@CR6]\]. In our study, we also analyzed the relationship between immune infiltrates and survival rate of SKCM and SKCM-metastasis patients. After the adjustment of clinical factors (age, gender, ethnicity, tumor stages and tumor purity), we found that the lower infiltrates of B cell, CD8^+^ T cell, Neutrophil, and Dendritic cell was significantly associated with a poor survival rate of SKCM and SKCM-metastasis patients (Fig. [5](#Fig5){ref-type="fig"}a-b) which is consistent with the previous study \[[@CR6]\]. Then, we investigated whether SRGN expression was correlated with the immune infiltrates of SKCM and SKCM-metastasis. It was shown that SRGN expression had a significant positive correlation with the infiltrating levels of B cell, CD8^+^ T cell, CD4^+^ T cell, macrophage, neutrophil, and dendritic cell in SKCM (Fig. [6](#Fig6){ref-type="fig"}a) and SKCM-metastasis patients (Fig. [6](#Fig6){ref-type="fig"}b). Furthermore, we also explored the relationship between SRGN expression and immune marker genes of B cell, CD8^+^ T cell, Neutrophil, and Dendritic cell which we demonstrated having predict value for the survival of SKCM and SKCM-metastasis patients. It was found that most of the immune marker genes of B cell, CD8+ T cell, Neutrophil, and Dendritic cell were significantly associated with the SRGN expression (Table [1](#Tab1){ref-type="table"}). The above findings imply that SRGN influences the survival of SKCM and SKCM-metastasis patients possibly through regulating the infiltration of immune cells. Fig. 5The relationship between immune infiltrates and survival rate of SKCM and SKCM-metastasis patients. Immune cells infiltrates was divided into high and low groups. SKCM, skin cutaneous melanomaFig. 6Correlation analyses of SRGN expression and immune infiltrates in SKCM and SKCM-metastasis patients. SKCM, skin cutaneous melanoma; SRGN, serglycinTable 1Correlation analysis between serglycin (SRGN) and gene markers of immune cells in skin cutaneous melanoma (SKCM) and SKCM-metastasisImmune cellGene markerSKCMSKCM-metastasisCor*P* valueCor*P* valueB cellCD 190.364\< 0.0010.248\< 0.001CD 790.331\< 0.0010.248\< 0.001CD8^+^ T cellCD8A0.538\< 0.0010.510\< 0.001CD8B0.499\< 0.0010466\< 0.001NeutrophilsCD66b (CEACAM8)0.0060.890.01100.833CD11b (ITGAM)0.592\< 0.0010.528\< 0.001CCR70.317\< 0.0010.267\< 0.001Dendritic cellHLA-DPB10.515\< 0.0010.521\< 0.001HLA-DQB10.458\< 0.0010.445\< 0.001HLA-DRA0.604\< 0.0010.603\< 0.001HLA-DPA10.538\< 0.0010.519\< 0.001BDCA-1(CD1C)0.287\< 0.0010.267\< 0.001BDCA-4 (NRP1)0.408\< 0.0010.326\< 0.001CD11c (ITGAX)0.336\< 0.0010.281\< 0.001

Discussion {#Sec12}
==========

In the present study, we found that the expression of SRGN was positively associated with the immune infiltrates and the survival rate of SKCM and SCKM-metastasis patients. Our findings firstly highlight the important role of SRGN in SKCM and SCKM-metastasis. Furthermore, it implies that SRGN may be a new immune target for treating melanoma.

It is known that melanoma is a lethal skin cancer and highly metastatic. The metastasis is a major barrier for the treatment of melanoma. Recently, a great effort has been made for using immune therapies to treat SKCM \[[@CR7], [@CR26]\]. In our study we found that lower infiltrates of B cell, CD8^+^ T cell, Neutrophil, and Dendritic cell were associated with the worse survival of SKCM and SKCM-metastasis patients. Our findings are somewhat consistent with previous studies \[[@CR5], [@CR27], [@CR28]\]. Using the mRNA sequencing data from TCGA, it was found that high expression of T-cell and B-cell signatures predicted improved overall survival of melanoma \[[@CR27]\]. In latest study, Sara R. Selitsky et al. highlighted the important role of B cell in modulating the anti-tumor immune response in SKCM \[[@CR5]\]. However, as for the Neutrophil and Dendritic cell infiltrates, there seems have different point of view against our findings \[[@CR29], [@CR30]\]. A former study once demonstrated that neutrophil infiltration and CD123+ dendritic cell infiltration in primary melanoma were independently associated with poor prognosis \[[@CR29]\]. The difference may because in their study, they only used CD66b and CD123+ respectively for the marker of infiltrating neutrophils and dendritic cells which is not sufficient. In our study, we used different immune cell markers evaluation to explore the immune infiltrates in melanoma. It was found that most of the markers have a strong relationship with SRGN expression (Table [1](#Tab1){ref-type="table"}). But it is known that these markers are only relatively specific for these immune cells, so SRGN may influence them differently. Another possible explanation is that we did not calculate the ratio of neutrophil to lymphocyte. Because it has been demonstrated that neutrophil to lymphocyte ratio is an independent predictor for the outcome of melanoma patients \[[@CR31], [@CR32]\]. Interestingly, in our study, we found that SRGN expression had a significant positive correlation with macrophage and CD4+T cells infiltration. But we didn't find macrophage and CD4+T cells associated with a poor survival rate of SKCM and SKCM-metastasis patients. It may because SRGN influencing more function of macrophage and CD4+T cells than quantity or SRGN on macrophage and CD4+T cells infiltration might be coordinated by other signals to have less effect on the survival. Furthermore, in the present study, we can only evaluate survival rate based on different immune cell infiltrates and cannot analyze the conjoined effect of those immune cells. So, more studies are needed to explain the important role of immune infiltrates in melanoma.

SRGN is a proteoglycan that was first found in hematopoietic cells. Nowadays, it has been demonstrated that SRGN can be secreted by various cells including tumor cells \[[@CR16]\]. In previous studies, most researches found that high SRGN expression was correlated with low survival rate of most tumors such as breast cancer \[[@CR33]\], prostate cancer \[[@CR34]\], colorectal cancer \[[@CR15]\], nasopharyngeal carcinoma \[[@CR17]\], glioma \[[@CR35]\], and primary lung adenocarcinomas \[[@CR36]\]. However, the role of SRGN in melanoma has not been explored before. In the present study, it was found that the expression of SRGN was increased in SKCM and SKCM-metastasis. Interestingly, we found that high SRGN expression was associated with improved survival which seems opposite to previous studies. It may because in SKCM, SRGN carries different glycosaminoglycan chains which depending on cell type can be either chondroitin sulfate, dermatan sulfate, heparan sulfate, and heparin \[[@CR37]\]. Another possible explanation is that the increased SRGN lacks of the glycosaminoglycan attachment sites that failed to promote the cellular functions which has been found in breast cancer \[[@CR33]\]. However, we infer that the most reasonable explanation is that SRGN regulates the immune infiltrates in SKCM and SKCM-metastasis. In our study, we found that the expression of SRGN was positively associated with the immune infiltrates which predicted improved overall survival of melanoma \[[@CR27]\]. It has been demonstrated that serglycin-deficient mice were more susceptible to *T. spiralis* infection and displayed an unbalanced immune response compared to wild type mice \[[@CR38]\]. Aging serglycin−/− mice spontaneously developed a massive enlargement of multiple lymphoid tissues, including spleen, Peyer's patches, and bronchus-associated lymphoid tissue \[[@CR39]\], suggesting that serglycin has functions in maintaining homeostasis of the body's immune cell populations. Therefore, based on the previous studies, we inferred that regulating immune infiltrates is a key role of SRGN in SKCM and SKCM-metastasis. It is known that immune infiltrates can affect inflammation in cancer \[[@CR40]\]. A series of evidence has been shown that serglycin is at the crossroad of inflammation and malignancy \[[@CR41]\]. So another possible explanation is that serglycin may influence inflammation of melanoma through regulating immune infiltrates. However, all the results come from the cancer related database, more basic and large scale clinic studies are needed to verify our findings.

Conclusions {#Sec13}
===========

In summary, SRGN expression is associated with the survival and immune infiltrates of SKCM and SKCM-metastasis patients. Targeting SRGN may be a new therapy for treating melanoma.
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